.6% of the total mass. The major active component, carvacrol, was isolated using MPLC and characterized by NMR and MS analysis. β-Glucosidasetreatment of the aqueous plant residue yielded a volatile fraction that did not show antimicrobial activitiy, in which the major components were octen-3-ol and (Z)-hex-2-en-1-ol. The essential oil from the species is reported for the first time.
Eupatorium glutinosum Lam., vernacular name "Matico Serrano", a semi-shrub growing at an altitude of about 3000 m in Ecuador and Peru, is employed in folk medicine as an antimicrobial, astringent, anti-rheumatic, and to cure stomach ulcers, diarrhoea and headaches [1] . The genus Eupatorium has been known for its medicinal properties for many decades. A number of natural bioactive products have been identified in extracts of various species of the genus, which seems to be a promising bioresource for lead substances for new drugs and value-added products [2] . Various species of Eupatorium have been used in traditional medical systems in different parts of the world [3] . For instance, E. perfoliatum and E. purpureum have been used to treat influenza and rheumatism, respectively [4] . Both extracts and essential oils from Eupatorium species have shown various interesting biological activities, including the antimicrobial activities exhibited by E. odoratum and E. salvia [5, 6] , cytotoxicity [7] and virucidal activity [8] . Although this large genus has been extensively investigated, the biological activity and chemical composition of the essential oils of many of its species remain unrecorded.
In previous work, we identified new labdene diterpenes and triterpenes in EtOAc and n-hexane extracts of E. glutinosum, respectively [9, 10] . In addition, the extracts showed in vitro antiviral activity [11] . The aims of the present study were to determine the constituents of the essential oil, to isolate the main constituents and to assess, in vitro, the antibacterial and antifungal properties of the oil and its main components.
Water-distillation of the leaves and twigs of E. glutinosum resulted in an essential oil of yellowish colour with a yield of 0.89%; sufficient to class it as an oil-rich species. The oil was analysed using GC and GC-MS systems, and the identified components are listed in Table 1 with their relative percentages. Twenty-four compounds were identified; accounting for 92.6 % of the total mass detected, including the main compound carvacrol (2-methyl-5-isopropyl phenol) and traces of one unknown compound. p-Cymene and limonene, which are considered to be biosynthetic precursors of both carvacrol and thymol, were also detected in the first hydrodistillate. The aqueous plant residues were hydrolysed by β-glucosidase to detect the liberated volatile aglycones, yielding octen-3-ol (39.9%) and (Z)-hex-2-en-1-ol (18.2%) as major compounds, accounting for 58.1% of the total mass. It is interesting to note that the two aliphatic alcohols were not detected in the first hydrodistillate, proving they are present as glucosides in the original plant material. Similar evidence of glucosides has been found in other species [12] .
El-Seedi
Using AGC, we isolated and purified carvacrol and elucidated its structure from its 1 HNMR and 13 CNMR spectroscopic and MS spectra. Although the genus Eupatorium belongs to the Eupatorieae, one of thirteen tribes of the large family Asteraceae, to the best of our knowledge only a few papers have reported the analysis of the essential oils of the genus [13] .
The results obtained from the antibacterial and antifungal assays of the essential oil extract and the main isolated component, carvacrol, are presented in Tables 2 and 3 . The oil extract and the main constituent showed significant activities against: Staphylococcus aureus (Gram positive); Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae (Gram negative); and antifungal activity against Candida albicans, Botrytis cinerea and Aspergillus niger. The reference antibiotic ampicillin was used as a positive control for S. aureus and E. coli, penicillin-G for P. aeruginosa and K. pneumoniae, and nystatin for the fungal microorganisms C. albicans, B. cinerea and A. niger. The β-glucosidase-hydrolyzed fraction and the ethanol solvent (tested as a negative control) showed no activity.
From the presented antimicrobial data, it can be seen that the essential oil and carvacrol showed potentially interesting antibacterial and antifungal activities, which increased with increasing Table 2 : Determination of anti-microbial activity of the essential oil and its major active compound using the disc diffusion method, as shown by inhibition zone diameters (means in mm) ± S.E. concentration and the compound was clearly most potent when applied undiluted. Testing and evaluation of antimicrobial activities of essential oils is rather difficult because of their volatility, their water insolubility, and their complexity based on large number of studies [14] . This explains the comparatively low antimicrobial activity of the oil, in relation to its carvacrol content, as reported previously [15] .
Treatment µg/disc Micro-organism
Our data are consistent with recent findings published by Kunle et al. [16] , who showed carvacrol to be a very effective antimicrobial substance, in comparison to the reference substances ampicillin and tioconazole, against food derived bacteria. They also support data published by Arras and Usai [17] showing carvacrol to be the most important antifungal compound among thyme constituents.
In conclusion, our results support, to a significant degree, the traditional medicinal uses of the plant and confirm the potential utility of the ethnobotanical approach for screening plants as potential sources of bioactive substances [18] . Furthermore, the local use of the plant without any reported toxic effects suggests that the plant is safe as both a herbal remedy (Ghia, F.; Personal communication) and as a condiment. However, it may be advisable to avoid internal use of the essential oil of M. nubigena until detailed toxicological studies have been conducted.
In addition, the antimicrobial activities of the essential oil indicate that the selection of a plant for evaluation based on its use in ethnomedicine is an important criterion and a useful predictive factor in identifying anti-infective agents.
Experimental
Plant material: Dr. Felipe Ghia at the Provincia Del Napo, Ecuador collected the leaves and twigs of E. glutinosum. A voucher specimen, F. G. 491, is deposited in the Herbario Economico, Escuela Politecnica Nacional (EPN), Quito, Ecuador.
Extraction and isolation:
Dried leaves and twigs (1.15 kg), were ground and subjected to hydrodistillation for 3 h using a Clevenger-type apparatus, giving a 0.89% yield of yellowish oil, which was dissolved in Et 2 O, dried over anhydrous sodium sulphate and stored at 0ºC until subjected to GC and GC-MS analysis. The aqueous plant residue remaining after the hydrodistillation of the essential oil was filtered, extracted with light petroleum (500 mL) followed by Et 2 O (500 mL) to remove any traces of volatile compounds, then treated with β-glucosidase (Labora, Chemicon, 100 mg) for 24 hrs
El-Seedi at room temp. The volatile compounds were collected in light petroleum by hydrodistillation and stored at 0 o C until subjected to GC and GC-MS analysis. Two stock solutions, one containing 1 mg/mL of the total extract and the other containing 1 mg/mL of carvacrol in EtOH were used in the antimicrobial tests.
Gas chromatography (GC):
The essential oil was analyzed using an SRI 8610C GC-FID system, equipped with HP-WAX and HP-5 capillary columns (60 m x 0.32 mm, film thickness = 0.25 µM) and connected to an FID detector. Injector and detector temperatures were set at 220 and 280ºC, respectively. The operating conditions were as follows. The carrier gas was He, at a flow rate of 1 mL/min. The GC oven temperature was held at 60ºC for 10 minutes then raised at 3ºC /min to 280ºC, which was held isothermally for 35 min. Retention indices (RI) of detected compounds were determined by comparison of their retention times on both columns with those of pure authentic compounds and relative to the retention times of a series of n-alkanes. Relative percentage amounts were calculated by FID peakarea normalization.
Gas chromatography-mass spectral analysis (GC-MS): GC-MS analyses were carried out using a Hewlett-Packard 5973-6890 GC-MS system operating in EI mode at 70 eV equipped with a DP-5 MS capillary silica column (30 m x 0.25 mm; film thickness, 0.25 µM). The split ratio was 1:30, the operating conditions were as described above, and the injection volume of each sample was 1 µL. n-Alkanes were used to provide reference points to calculate the relative retention indices. The mass range monitored was from m/z 35 to 500.
Accelerating gradient chromatography (AGC):
AGC was performed using variable-length MPLC glass columns (Baeckström Separo AB, Lidingö, Sweden) with inner diameters of 1.5 cm, packed with silica gel 60, 40-63 µm (Merck) and an FMI Lab pump, model QD (Fluid Metering Inc., Oyster Bay, NY) delivering a flow rate of 15-18 mL/min. Fractions of 6 mL were collected with a Gilson Model 201 fraction collector. Analytes were eluted from the columns by continuous gradients running from n-hexane, through CH 2 Cl 2 to MeOH generated by a Separo constant-volume mixing chamber in conjunction with an open reservoir. The mixing chamber initially contained 50 mL of n-hexane and the reservoir contained the first of 15-20 premixed binary gradient mixtures of gradually increasing polarity, each of 15-30 mL, which were successively fed to the reservoir during the separation [19] . Carvacrol-containing fractions were identified by simultaneous TLC analysis (using light petroleumEtOAc 8:2 as the mobile phase, detected by vanillin-H 2 SO 4 ) of candidate fractions and authentic standards.
Bioassay Disc diffusion:
In vitro antimicrobial studies were carried out using seven microorganisms using the disc diffusion method described previously [9 and references therein]. For each test organism in the present study, 0.1 mL of a culture of the organism was spread on Muller-Hinton agar plates in each of 12 Petri dishes (90 mm diameter), and a sterile 10 mm diameter filter disc (Whatman paper No. 3) was placed on each plate. Triplicate discs were then impregnated with 1, 2.5 and 5 µg of the essential oil, 5 µg of carvacrol, 5 µg of the appropriate reference antibiotic (Neomycin and Nystatin were used as positive controls for anti-bacterial and anti-fungal activities, respectively) for the test organism (using stock solutions in EtOH) and EtOH alone (as a negative control). The growth inhibition zones around the discs were measured after incubation at 37 o C (24 h for bacterial, and 48 h for fungal tests). All bacterial and fungal species were tested in triplicate.
Minimum inhibitory concentrations (MIC):
Minimum inhibitory concentrations (MIC) were determined by the micro-dilution method, as follows. Bacterial cultures grown on BHI agar plates for 16 h were suspended in MH broth. The bacterial cell numbers were adjusted to approximately 3-6 x 10 6 cfu (colony forming units)/mL. Essential oil and pure compounds with concentrations of 100 mg/mL and 20 mg/mL, respectively, were subjected to serial twofold dilutions. An 80 µL portion of each bacterial suspension was added to 20 µL of each of the serial two-fold dilutions of every test material and mixed. The bacteria were incubated at 37ºC for 24 h and the MIC was then determined. Results were obtained from three independent experiments performed in duplicate. MIC values ≥ 1024 µg/mL were considered to indicate inactivity, while values < 64 µg/mL and 128-512 µg/mL indicated high and moderate active, respectively [20] .
